Objective: Irritability is a dimensional trait in typical development and a common presenting symptom in many psychiatric disorders, including depression. However, little is known about the developmental trajectory of irritability or how child irritability interacts with maternal depression. The present study identifies classes of irritability trajectories from toddlerhood to middle childhood; characterizes maternal depression and other family, social environment, and child variables within each irritability trajectory class; and, as a more exploratory analysis, examines bidirectional associations between maternal depression and child irritability. Method: A total of 4,898 families from the Fragile Families and Child Wellbeing Study reported on irritability symptoms at ages 3, 5, and 9 years, assessed with items from the Child Behavior Checklist. Parental major depressive episode was assessed using the Composite International Diagnostic Interview-Short Form at child ages 1, 3, 5, and 9 years. Results: A latent class growth analysis identified 5 irritability classes: low decreasing; moderate decreasing; high steady; initially very high, then decreasing; and high increasing. Children with more severe irritability trajectories are more likely to have mothers with recurrent depression, and, with the exception of the most severe (high increasing irritability) class, were more likely to have mothers who were exposed to violence. Moreover, paternal depression and alcohol abuse, as well as maternal drug and alcohol abuse, were also risk factors for membership in the more severe irritability classes. A latent auto-regressive cross-lag model showed that child irritability at ages 3 and 5 years is associated with increased mother depression at ages 5 and 9, respectively. Conversely, mother depression at child ages 1 and 3 years is associated with increased child irritability at 3 and 5. Conclusion: Irritability development across toddlerhood and middle childhood has 5 main trajectory types, which differ on maternal depression recurrence and exposure to violence. Maternal depression and child irritability influence each other bidirectionally, particularly early in development. Understanding irritability development and its bidirectional relationship with maternal depression and association with violence exposure may help identify intervention targets.
I
rritability is a dimensional trait in typically developing youth 1 as well as a very common presenting symptom in young people with psychiatric disorders. Despite this, little is known about irritability's developmental trajectory or how it varies across individuals. Also, emerging data suggest that social environmental and family factors such as trauma (e.g., exposure to violence) 2 and particularly maternal depression 3, 4 may be associated with child irritability. Although clinicians have observed a vicious cycle between child irritability and maternal depression, little empirical work has been done to address the potential impact of child irritability on maternal depression. Irritability is related to other concepts whose associations with maternal depression have been examined, including child temperament, personality, and psychopathology. For example, a review by Beardslee et al. 5 documented the detrimental effects of maternal depression on the development of child depression and internalizing Supplemental material cited in this article is available online.
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY VOLUME 53 NUMBER 11 NOVEMBER 2014 www.jaacap.org and externalizing disorders, which often include irritability components. In addition, Bongers et al. 6 traced developmental trajectories of aggression and opposition, which are related to irritability. However, because key differences exist between the conceptualization of irritability and these related constructs, for the purposes of this article, irritability is narrowly defined, with a focus on emotional, not "acting out" or behavioral aspects. 7 Using a person-centered approach to categorize heterogeneity in intraindividual trajectories and to identify developmental pathways for irritability would inform the assessment and management of children presenting with this symptom. To our knowledge, only 1 study has identified irritability trajectory classes. Caprara et al 8 found that irritability development in adolescence through adulthood could follow 1 of 4 trajectories: low stable, medium declining, medium stable, or high stable. However, little is known about how irritability develops from toddlerhood to the middle childhood years or what social environmental, family, or child characteristics are associated with different trajectories of irritability.
Examination of the developmental trajectories of irritability should be informed by data indicating associations between child irritability and maternal depression, among other factors. For example, children of parents with a lifetime history of depression are at high risk for exhibiting irritability in early childhood. 4 In addition, mothers with more severe trajectories of depressive symptoms have children with worse internalizing and externalizing problems, both psychopathology dimensions related to irritability. 9 Moreover, children whose parents have a history of both recurrent depression and a recent depressive episode exhibit significantly more depressive symptoms than children whose parents' depression is farther in the past. 10 Thus, timing and recurrence may be aspects of maternal depression that are relevant to child irritability. In these studies, however, researchers have largely focused on the unidirectional influence of maternal depression on child outcomes. Nevertheless, the relationship between maternal depression and child irritability may be characterized by bidirectional influences that interact over time, 11 mirroring other parent-child interactions (e.g., parent hostility and child depression 12 ). Little is known, however, about how child irritability interacts with maternal depression, and such knowledge could have important treatment implications.
To address these gaps in the literature, the present study pursued 3 objectives: (1) use of a person-centered approach to identify classes of individuals based on irritability development from toddlerhood to middle childhood; (2) characterization of these irritability trajectory classes in terms of maternal depression and other family, social environment, and child characteristics; and (3) as a more exploratory analysis, determination of the extent to which the relationship between maternal depression and child irritability is bidirectional.
METHOD Participants
Data were from the Fragile Families and Child Wellbeing Study, 13 which follows a large, population-based cohort of predominantly low-income children born in 18 large cities in the United States between 1998 and 2000. The sample was recruited by approaching families after the child's birth at hospitals in major urban centers with populations of more than 200,000. Births of children to unmarried parents were oversampled. The overarching goal of the Fragile Families and Child Wellbeing Study is to examine the role of the social and family environment on child development. The present study used data from mother (primary caregiver) inhome and telephone interviews at child ages 1, 3, 5, and 9 years unless otherwise noted. Of the 4,898 families recruited at the child's birth, 4,712 (96.2%) completed the irritability or maternal major depressive episode measures for at least 1 time point.
Measures
Irritability. Irritability symptoms were assessed using the Child Behavior Checklist (CBCL). The CBCL/2-3 (Toddler) version 14 was collected at age 3 years, the CBCL/4-18 15 at age 5 (the current school-age version at the time), and the CBCL/6-18 16 (the most recent version) at age 9. Three items from the CBCL ("temper tantrums or hot temper," "stubborn, sullen or irritable," and "sudden changes in mood or feelings") were used to create the irritability variables for ages 5 and 9 (Cronbach's a ¼ 0.70 and 0.73, respectively). These items have previously been identified as comprising an irritability factor. 17 A fourth item ("easily frustrated") was also included for age 3 years; this item is strongly related to irritability conceptually but is available only in the CBCL/2-3 version administered at age 3. A 1-factor confirmatory factor analysis for the 4 items comprising irritability at age 3 showed excellent fit (root mean square error of approximation [ 18 was administered over the phone and used to assess maternal as well as paternal major depressive episodes in the past year at child ages 1, 3, 5, and 9 years and generalized anxiety disorder (GAD) at child ages 1 and 3. Parental alcohol abuse (4 or more drinks in a day) and drug use (use of at least 1 of 9 common illicit drugs) in the past year at child ages 3, 5, and 9 were assessed with items from the CIDI-SF.
Analytic Plan
Latent Class Growth Analysis (Objective 1). Our first objective was to use a person-centered approach to identify classes of individuals based on irritability development from toddlerhood to middle childhood. To accomplish this, we used latent class growth analysis, implemented in Mplus 7.11 statistical software (Muth en and Muth en, Los Angeles, CA). Latent class growth analysis allowed identification of unobserved but distinct groups of individuals who have similar developmental trajectories. 19 Following established procedures, 20 we estimated models with 2 to 6 classes and chose the best-fitting model based on a compre- , entropy, minimum class size of 1%) and interpretability. Because class was intended to capture the variance in the data, intercepts and slopes were constrained to be invariant within each class. This approach also helped to avoid convergence issues and was consistent with the fact that our primary focus was not within-group variance. Also, to prevent convergence issues, irritability was calculated as an index score, that is, the average of items at each time point, with scores ranging from 0 (no symptoms) to 2 (worst symptoms). To avoid local maxima, models were run with at least 800 random starts. In addition, a latent growth curve model with random intercepts and slopes was run to compare to the latent class growth models. 21, 22 Characterization of Classes on Maternal Depression Recurrence and Other Characteristics (Objective 2). To accomplish our second objective, that is, to characterize the irritability trajectory classes in terms of maternal depression and other family, social environment, and child variables, we used multinomial logistic regression (for categorical outcomes) and general linear models (for continuous outcomes). The most likely class assignments for each individual were exported for use in SPSS version 21.
For the multinomial logistic regression equation used to characterize irritability classes on maternal depression, we examined whether children in each of the irritability classes identified in objective 1 differed on the likelihood of having a mother not depressed at any of the time points (year 1, 3, 5, or 9); depressed at 1 time point; or with recurrent depression (i.e., depressed during at least 2 time points). Although it is not the primary focus of this article, we also included other maternal and paternal psychopathology in the model. This allowed us to examine the relationship of other parent psychopathology on irritability, as well as to examine the contribution of maternal depression to childhood irritability, above and beyond other parental psychopathology. Paternal depression (coded as 0, 1, or at least 2 times across child ages 1-9 years); maternal and paternal GAD (coded as 0, 1, or 2 times between child ages 1-3), alcohol abuse (measured as more than 4 drinks in a day, coded as 0, 1, or 2 times between child ages 5 and 9), or drug use (any drug use reported between child ages 3 and 9) were included in the model. Of note, parental psychopathology was not collected every year, so this method of coding (0, 1, or 2 times) allowed us to use the data collected at different time points in a consistent manner.
Additional multinomial logistic and general linear models were run to characterize the classes on other social environment, family, and child characteristics. Because the frequencies of witnessing and being a victim of violence were highly skewed, rank analysis of covariance (ANCOVA) was used for those 2 models. 23 All models controlled for maternal education, age, race/ethnicity, relationship status, and child gender. Bonferroni-corrected pairwise comparisons followed significant omnibus tests. Social environment and family predictors were restricted to those measured from birth to age 3, the time period at or before the first time point covered by our irritability trajectory models (ages 3-9) to reduce causality interpretation issues.
Latent Auto-Regressive Cross-Lag Model (Objective 3). Our third objective was to determine the extent to which the relationship between child irritability and maternal depression is bidirectional in an exploratory analysis. To accomplish this, we used a latent autoregressive cross-lag model implemented in Mplus 7.11 with irritability at ages 3, 5, and 9 years as latent variables and maternal depression status at child ages 1, 3, 5, and 9. In this model, each variable was regressed on all the variables that preceded it in time. The autoregressions examined continuity (stability) of irritability and maternal depression. The cross-lags examined interrelationships between maternal depression and child irritability at each time point, controlling for the previous time point (e.g., child irritability at age 3 influencing maternal depression at child age 5, controlling for prior maternal depression at child age 3). In addition, the influence of maternal depression at child age 1 year on child irritability at ages 5 and 9 was estimated to examine whether the earliest experiences of maternal depression had a direct impact on later child irritability, and whether maternal depression at ages 3 and 5 had an impact on child irritability at ages 5 and 9, above and beyond the effects of maternal depression in the year after birth.
This model was run using maximum likelihood with robust errors (MLR) and Monte Carlo integration to obtain odds ratio (OR) and B estimates, and using weighted least-squares mean-and variance-adjusted (WLSMV) to obtain absolute model fit indices.
Examination of Missingness and Control Variables
Mplus has the advantage of using the expectation maximization algorithm to obtain maximum likelihood estimates with robust standard errors. This is the preferred method for data that are missing at random. 24 Of the 4,898 original families recruited at the child's birth, subsequent irritability data were collected on 68%, 76%, and 68% of children at ages 3, 5, and 9 years; depressive episode was assessed for 89%, 86%, 84%, and 72% of mothers at child ages 1, 3, 5, and 9. Parents were contacted by telephone at each time point to schedule the in-home interview; during this telephone call, the CIDI was administered to assess whether a depressive episode had occurred in the past year. If the family decided to schedule an in-home visit, during the subsequent in-home visit, irritability data on the child were collected. Thus, all children who had irritability data also had maternal depression data. Maternal education, age, and race/ethnicity were related to number of time points missing for irritability (F 3,4888 ¼ 9.54, p < .001; F 3,4890 ¼ 4.91, p ¼ .002; F 3,4882 ¼ 22.34, p < .001, respectively) and maternal depression (F 3,4888 ¼ 13.34, p < .001; F 3,4889 ¼ 3.20, p ¼ .012; F 3,4882 ¼ 17.71, p < .001), but child gender and relationship status were not related to missingness (for all, F 1).
We addressed attrition by controlling for the characteristics related to missingness, in addition to other demographic variables, in the multinomial logistic regression and latent auto-regressive cross-lag analyses. The best-fitting latent class growth model (5-class solution) was repeated with the control variables. Control variables were as follows: maternal age at birth of child, race/ethnicity (dummy-coded as "black/ African American," "white/European American," "Hispanic/Latino(a)," or "other race"), education ("less than high school," "high school," "some college," "college or graduate degree"), relationship status ("single," "married," "cohabitating"), and child gender.
Addressing of Mother as Informant
We took 2 major steps to address and decrease the possibility that our results would be confounded by a potential tendency for mothers with depression to view their children as irritable. First, in the latent auto-regressive cross-lag model (objective 3), we controlled for stability of child irritability and of maternal depression, as well as maternal depression at year 1. Thus, the model predicts changes in child irritability based on previous changes in maternal depression and vice versa; therefore, it is unlikely that our findings are primarily driven by an overall correlation between maternal depression and child irritability. Second, although it is not possible to formally test for informant effects without nonmother informant data at all time points, father report of irritability at age 5 and teacher report (using similar irritability items from the Conner's Teacher Rating Scale 25 [Supplement 1, available online]) at age 9 are available to compare with irritability trajectory class patterns estimated with mother-reported irritability (Table 1) .
RESULTS

Objective 1: Identification of Classes Based on Irritability Trajectories
A comprehensive review of the model fit indices was used to identify the optimal number of classes (Table S1 , available online). A latent growth curve model with random slopes and intercepts (a single class; RMSEA ¼ 0.118) performs more poorly on relative fit indices than any of the latent class growth models (Table S1 , available online), indicating that more than 1 class is present and necessitating the use of latent class growth analysis. For all of the latent class growth models, entropy values are consistent and high (0.69-0.76), indicating high classification accuracy across all models, and no class has less than the 1% minimum size. VLMR and LMR-LRT indicate that the 3-and 5-class models are preferable to 2-and 4-class models. To distinguish between the 3-and 5-class models, AIC, BIC, SSABIC, and BLRT were used. AIC, BIC, and SSABIC values are smaller for 5 classes than for 3 classes, favoring 5 classes, and BLRT is significant for up to 5 classes. Thus, the 5-class model is accepted as best fitting. Figure 1 contains a graphical representation of the estimated trajectories for each of the classes. Table S2 (available online) contains the estimates and confidence intervals for the intercepts and slopes of each class. Slopes and intercepts for all classes differ significantly from each other except for the intercepts for C3 and C5.
Description of the Irritability Classes
The first class, C1, represents the normative trajectory of irritability over ages 3 to 9 years, encompassing 60.8% of the sample. This class is characterized by low, decreasing levels of irritability. The next-largest class (C2, 21.0%) has moderate levels of irritability that decrease, albeit less sharply than the normative class (C1 , Table S2 , available online). C3 (10.6%) has high levels of irritability that stay steady over time. C4 (5.4%) has the highest initial irritability of all the classes, but irritability in this class declines quickly, reaching low levels by age 9. Like C3, C5 (2.2%) has high levels of irritability at age 3 (Table S2 , available online); however, in contrast to C3, irritability severity in C5 increases over time.
Control Variables. The estimation for the 5-class model with the control variables (maternal age, education, race/ethnicity, relationship status, and child gender) does not differ in class structure (slopes and intercepts) from the model without these variables (Table S2, available online) . Moreover, the number of individuals assigned to each class does not differ between the models with and without control variables (c 2 ¼ 1.39, df ¼ 4, p ¼ .846).
Potential Gender Differences. The 5-class model was rerun with child gender as a known class (multi-group analysis) to test for potential gender differences. Boys and girls have almost identical class structure, such that the intercepts and slopes estimated for each of the classes do not differ significantly between boys and girls (Table S2, available online). The only significant gender difference is in C2, where boys and girls both start out with moderate irritability, which then decreases in boys but remains steady in girls.
Although overall class structure is similar across genders, the proportion of girls and boys in every group is not equal (likelihood ratio This effect was particularly driven by children whose mothers had recurrent depression (i.e., at least twice during the child's life) ( Table 2 ). In www.jaacap.org particular, children in the class characterized by initially high, increasing irritability (C5) are 4.88 times more likely than children in the normative irritability class (C1) to have mothers with recurrent depression. Furthermore, the odds of having a mother with recurrent depression is significantly higher for C5 versus C1 than for any of the other more severe classes (C2-C4 versus C1).
In addition to maternal depression, other parent characteristics were found to be risk factors for membership in more severe irritability classes (C2-C5), including paternal depression, maternal drug use, and maternal and paternal alcohol abuse. Specifically, similar to the pattern with maternal depression, recurrent paternal depression also significantly predicts membership in more severe classes (C2-C5), although less strongly than maternal depression. Also, a single instance of maternal drug use is significantly associated with greater likelihood of membership in the more severe irritability classes (C2-C5) compared to the normative class (C1). Moreover, whereas a single episode of paternal alcohol abuse is associated with membership in intermediate classes C3 and C4, a single episode of maternal alcohol abuse predicts membership in the most severe class, C5. Of note, maternal and paternal anxiety do not significantly predict irritability class membership, controlling for other parent characteristics (Table 2) .
Other Characteristics. Child, family, and social environment characteristics for each class are shown in Table 1 , along with irritability data from father and teacher informants. Classes differ on demographics as well as other child, family, and social environment characteristics (see Supplement 1, available online, for details of the measures). To summarize, more severe irritability classes are generally more likely to have single mothers who are white/European American with lower levels of educational attainment and greater material hardship. Moreover, children in more severe irritability classes are likely to live in worse neighborhoods, where their mothers are more likely to report witnessing or being a victim of violence (for C2-C4, but, interestingly, not C5) while concurrently receiving less social support from neighbors. Children in more severe irritability classes also experience more and harsher parental discipline.
The internalizing and externalizing symptoms that children exhibit largely mirror the trajectory patterns of the irritability classes (e.g., internalizing and externalizing are low and decreasing for the normative class, which also has concurrently low and decreasing irritability.). Moreover, FIGURE 2 Proportion of children within each irritability trajectory class with mothers depressed at 0, 1, or 2 or more time points. Note: Children in more severe irritability classes (C2-C5) are more likely to have mothers who have been depressed, particularly 2 or more times (likelihood ratio c 2 ¼ 73.31, df ¼ 8, p < .001, controlling for paternal depression; maternal and paternal anxiety, drug use, and alcohol abuse; maternal age; race/ethnicity; education; relationship status; child gender). A graphical depiction of the irritability classes is in Figure 1 . Figure 3 shows the path coefficients in the model. We highlight the main results. Child irritability at ages 3 and 5 years is associated with increased mother depression at ages 5 and 9, respectively (ORs ¼ 1.47 and 1.28). Conversely, mother depression at child years 1 and 3 is associated with increased child irritability at ages 3 and 5, respectively (B ¼ 0.44 and 0.33), but mother depression at age 5 does not significantly predict child irritability at age 9 (B ¼ 0.11, p ¼ .129). Of note, irritability regression on the previous time points of irritability (auto-regressions) indicate that, overall, irritability is stable over the toddlerhood to middle childhood period (age 3-5, B ¼ 0.831; age 5-9, B ¼ 0.526).
DISCUSSION
The present study identified 5 distinct trajectories for the developmental time course of irritability between toddlerhood and middle childhood. On average, across participants, irritability levels drop with age (F 1,2335 ¼ 586.44, p < .001) (Table 3 ). However, this average masks considerable heterogeneity in intraindividual trajectories, and the heterogeneity can be categorized into 5 classes. Specifically, in addition to normative class C1 (low, decreasing irritability), we found 4 other classes with more severe trajectories of irritability that are likely to contain individuals who present for mental health care. Classes differed on a number of social-environmental, family, and child characteristics; in particular, we documented that the more severe classes (C2-C4), but not the most severe class (C5), had mothers who were more likely to be exposed to violence. Moreover, paternal depression and alcohol abuse, as well as maternal drug and alcohol abuse, predicted membership in irritability classes. We also found that the severe classes (C2-C5) were more likely than C1 to include mothers with recurrent depression, a finding that also has considerable clinical relevance. It is possible that recurrent maternal depression is a risk factor because recurrence may be a marker of severity. Alternatively, in light of our finding that child irritability also influences maternal depression, it is possible that depression recurrence in the mother may be driven by irritability in the child.
Of note, whereas the 3 most severe classes, namely, C3, C4, and C5, all have high levels of irritability in toddlerhood, their paths differ considerably from toddlerhood to middle childhood. In both C3 and C5, irritability fails to remit by middle childhood; however, in C5, irritability Note: Analysis controlled for maternal age, education, race/ethnicity, relationship status, and child gender, as well as all parental psychopathology variables. Maternal depression odds ratios correspond to the graphical depiction of the proportions of children in each class with mothers depressed 0, 1, or 2 or more times in Figure 2 . Significant (p < .05) odds ratios are marked in boldface. A graphical depiction of the irritability classes (C1eC5) is in Figure 1 . a Latent irritability growth class versus C1: low, decreasing irritability (norm). b 95% CI.
c Versus no depression, anxiety, drug, or alcohol abuse.
becomes increasingly worse with time, whereas in C3 high levels of irritability remain steady. Of all the classes, C5 (2.2% of the sample) may represent individuals at the highest risk for later psychopathology. Longitudinal studies are ongoing and will be informative, especially comparing outcomes of C3 and C5. In contrast to C3 and C5, which exhibit severe irritability throughout toddlerhood to middle childhood, children in C4 start out with the highest levels of irritability at age 3 years but are close to normative levels by age 9. Moreover, individuals in C4 are as likely as those in C3 to have mothers with a history of depression, but irritability levels stay high in C3, whereas they normalize in C4. Thus, C4 may consist of resilient individuals. Preliminary characterization of the classes (Table 1) indicates that children in C4 were more likely to be African American with a mother with less than high school education, residing in a violent neighborhood; however, these are not known to be resiliency factors. Of note, we observed a "dose response" increase in the effects of violence exposure (i.e., the frequency of mothers being witnesses to, or victims of, violence in the year before the child age 3 time point) on irritability across C1 to C4, with C4 having the highest likelihood of maternal violence exposure, but a drop in likelihood of maternal violence exposure for C5 (Table 1) . It is possible that irritability symptoms in children in C4 are attributable to environmental influences (such as trauma); irritability in C4 may decline after toddlerhood because the trauma abates or because children develop the executive function needed to cope with the trauma. In contrast, the high, increasing irritability in C5 may be due to genetic/neurobiological vulnerabilities that unfold over development and result in irritability, regardless of environment. However, this preliminary finding must be interpreted cautiously, as C5 is relatively small (n ¼ 95). Additional research is needed to understand how, for children in C4, irritability symptoms remit despite high, sustained levels of maternal depression and exposure to the environmental pathogen of violence.
C3, C5, and, in toddlerhood, C4 represent levels of irritability that may be clinically significant; C2, on the other hand, represents a large portion of the population (21%) who have elevated levels of irritability that decrease less rapidly than those of the normative class (C1) and yet do not rise to the levels of the most severe classes (C3, C5) . Thus, C2 may consist of FIGURE 3 Results for the latent autoregressive cross-lag model for child irritability and mother major depression. Note:
Significant paths (p < .05) shown with black lines; non-significant paths shown with gray dotted lines. Paths specified from every control variable to every mother depression and child latent irritability variable. CI ¼ 95% confidence intervals; MDE ¼ major depressive episode; OR ¼ odds ratio; Y1 ¼ child age 1, Y3 ¼ age 3, etc.
individuals with subclinical symptoms who might be less likely to present for care yet may still exhibit irritability. This "in-between" class of individuals is consistent with previous research that has identified irritability as a dimensional trait present across both typical and clinical populations. 1 Our identification of irritability trajectory classes from ages 3 to 9 in a United States populationbased cohort complements the only other study, to our knowledge, to identify irritability trajectory classes, in an older, Italian cohort (ages 12-20 years). 8 Because of the age gap (ages 9-12) between studies, it is not possible to pinpoint how the 5 classes that we identified in toddlerhood and middle childhood may transition into the 4 classes (low stable, medium declining, medium stable, and high stable) identified in the previous work. 8 In addition, our analyses included close to 5,000 individuals from a population-based study (versus 500 participants in the Italian cohort 8 ) and thus may be more sensitive to detect subpopulations.
We also performed some of the first work characterizing irritability trajectory classes on a variety of social environment, family, and child variables. Consistent with the literature on other child outcomes, 26 several social environment and family variables (e.g., lower maternal educational attainment, violent neighborhood, harsh parenting) are implicated in worse irritability trajectories. Moreover, our preliminary characterization of the irritability classes on other concurrent internalizing and externalizing symptoms suggests that children exhibit irritability in conjunction with these related symptom domains; this finding is in line with previous observations that psychiatric symptoms are highly co-occurring, 27 particularly in children. 28 Our preliminary characterization of the irritability classes lays the foundation for future work examining how these environmental and family predictors and child symptoms interact with and relate to irritability over time.
Our characterization of the classes with respect to parental psychopathology corroborates and extends the finding by Dougherty et al. 4 that lifetime parental depression and anxiety predict irritability in early childhood. The association that Dougherty et al. found between parental anxiety and child irritability may be due to the high comorbidity of anxiety and depression. Indeed, our results show that, when controlling for anxiety and other parental psychopathology (and also when differentiating between maternal versus paternal and single-episode versus recurrent psychopathology), recurrent maternal depression is highly predictive of membership in more severe irritability trajectory classes (C2-C5), whereas parental anxiety is not. This suggests that recurrent maternal depression has an effect on child irritability above and beyond parental anxiety and other psychopathology.
Moreover, in contrast to Dougherty et al. 's 4 finding that lifetime parental substance use does not predict irritability in early childhood, we found that maternal drug use and maternal and paternal alcohol abuse does predict irritability trajectory class. Our analysis may be more sensitive to detect subtle patterns of parental substance use effects because we differentiate between maternal Table 2 .) Of note, counterintuitively, single episodes of substance use have a greater effect in almost every case than recurrent substance use (Table 2 ). It may be that single episodes of substance use represent acute stressors, which could have a greater impact on child irritability than recurrent use, which may represent genetic vulnerabilities distinct from irritability risk. Alternatively, it is possible that recurrent substance use is not significant for other reasons, such as relatively low base rates. Future research in a cohort oversampled for parental substance use will be necessary to directly address these possibilities. The present study also documented evidence for a bidirectional relationship between maternal depression and child irritability. With a much larger sample and longitudinally sensitive design, our study confirms previous findings that maternal depression relates to irritability. 4 Furthermore, our finding extends previous work by demonstrating that not only does maternal depression influence child irritability, but child irritability also influences maternal depression. Our results are consistent with both theoretical expectations 11 and prior research on other mother-child interactions and psychopathology. 12 Our findings suggest that if the goal is to decrease the child's irritability and to prevent it from worsening, it is important also to assess (and, where appropriate, treat) the mother's depression. On the other hand, if the goal is to treat the mother's depression, our findings suggest it is important also to assess and treat the child's irritability.
The mechanism by which maternal depression transmits risk for child irritability and vice versa may involve direct parent-child interactions. It is possible that mothers who are depressed have harsher parenting interactions with their children, which then increase child irritability and in turn provoke harsher parenting. 11 Indeed, maternal hostility and warmth mediate the link between maternal depression and other child psychopathology 29 . Moreover, preliminary characterization of the classes indicates that the more severe irritability classes (C2-C5) received harsher parenting (Table 1 ). To examine this potential mechanism by which maternal depression and child irritability might influence each other, further research on parenting will be necessary.
Despite a number of strengths of the current study, including a very large, population-based sample, longitudinal assessments, and both a person-and variable-centered approach, 2 main limitations exist. First, because we used mother report for both the child's irritability measures and maternal depression, it is possible that relationships among the variables are inflated due to shared method variance. Because we do not have data at all time points from non-mother informants, we could not repeat these analyses with non-mother informants. Nonetheless, fatherand teacher-reported irritability at the available time points generally mirror the class growth patterns identified with mother report (Table 1) . Moreover, because our latent auto-regressive cross-lag model (objective 3) controlled for stability of maternal depression and child irritability as well as mother depression at year 1, the model predicts changes in child irritability based on prior changes in maternal depression and vice versa. Thus, an overall correlation between depression and irritability due to mother report is unlikely to be primarily driving our findings. Indeed, despite the risk of shared method variance, mother reports of child irritability symptoms may be based on greater time observing the child, because mothers usually spend the most time with the child during toddlerhood through middle childhood.
Second, in our sample, younger Hispanic or other race/ethnicity mothers with less than a high school education were more likely to have missing data, and each time point had 11% to 32% missing data. Although patterns of attrition may affect our results, this very large sample is population based and, because of sampling, has disproportionately large numbers of hard-to-reach individuals, such as historically underserved and under-researched minority groups and low socioeconomic status groups. Thus, even with missing data, it is likely that our analyses reflect the range of subgroups across the United States, unlike community samples, which may have no representation of many key demographic groups. Moreover, to address missing data, we included variables affecting attrition in our analyses as control variables and used the expectation maximization algorithm, which is robust to great portions (>50%) of missing data, 24 larger than in our study.
In summary, the present study classified trajectories of irritability development and characterized the bidirectional association of maternal depression and child irritability, information that will be important to predict course and potentially to choose treatment based on history and parent-child characteristics. Follow-up data on individuals in the Fragile Families and Child Wellbeing Study will be collected at age 15 years. Future research examining how the irritability classes identified in the present study navigate the transition to adolescence, a time when many types of psychopathology manifest, will be important to identify individuals most in need of intervention. & and CBCL/4-18 9 at age 5. Although different versions of the CBCL are given across ages, the constructs that they measure are similar. Moreover, the CBCL/2-3 version contains modifications of the questions for very young children to measure symptom domains in a developmentally appropriate manner. Mean item scores were calculated to represent each subscale, and thus all subscales ranged from 0 to 2. Both internalizing (Cronbach's a ¼ 0.75 and 0.76 for ages 3 and 5 years, respectively) and externalizing had acceptable internal reliability (Cronbach's a ¼ 0.88, and 0.87).
Father-report irritability items are identical to mother-report items used in the main analyses from the CBCL; data are included from fathers who have at least 50% custody of child. Father reports of irritability were obtained at child age 3 years only. Teacher-report irritability items are from the Conners Teacher Rating Scale-Revised Short Form 10 : "child has temper tantrums," "gets angry easily," and "has temper outburst, is explosive, or has unpredictable behavior." Both range from 0 (no symptoms) to 2 (worst symptoms). Teacher reports of irritability were obtained at age 9 years only. Note: Intercept and slope estimates with 95% confidence intervals for each irritability trajectory class for all participants (boys, girls), and all participants including the control variables maternal age, education, race/ethnicity, relationship status, and child gender. All estimates significant at p < .05 unless marked as nonsignificant (NS). A graphical depiction of the irritability classes (C1eC5) is presented in Figure 1 .
